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Principle of MAX-DOAS observations

-MAX-DOAS: Multi-Axis Differential Optical Absorption Spectroscopy
Multiple axes: More information content than satellite (e.g., vertical profile)
Simultaneous O, measurements: optical path length or aerosol (cloud) information
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»Optimal Estimation Method (Rodgers, 2000)
state vector: (TropoNO2VCD, vy, V,, V3)
(v,: fraction of TropoNO2VCD present in

the lowest 1km)
» Total uncertainty: 17%
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TropoNO2 VCD
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Ca e Hedo 298 14 doy[UTC] year  fitresmax MOD  AECLICkm-1]  AECLo[km-1]  AEC L3[km1] NO2YCDlen-2]  MO2_L1Len-2]  MO2_L2[en-2]  NO2L3[en-2]  TIK]  PLHPal CI totalflas
p 1.028461 2010 1.02E-03 -939.9 -999.9 -95G.9 -999.9 -999.9 -993.9 -999.5 -999.9 269.6 1021.0 2.528 00100007
1.049204 2010 1.06E-03 -999.9 -999.9 -999.9 -999.9 -999.9 —999.9 -999.9 -999.9 289.6  1020.8 2.928 00100001
1.070127 2010 6.81E-04 4. 478E-01 1.658E-01 2.383E-01 3.504E-02 8.328E+14 5.030E+14 26426414 5.2636+13 2897 1020.6 2.308 00000000
Q 1.090961 2010 8.11E-04 2.805E-01 1.536E-01 1.0526-01 1.8956-02 7.792E+14 4.913E+14 2.344E+14 4.370E+12 289.8 1020.4 1.566 00000000 | 'Ecommended
Gwa ngJu 21051 1111794 2010 1.16E-03 3.193E6-01 1.6456-01 1. 269E-01 2. 235602 6.803E+14 4.082E+14 ATTEH4 4354413 289.8 1020.2 1.544 000poopy  [idextinction
1.132627 2010 7.51E-04 2.869E-01 1.629E-01 1.009E-01 1.8436-02 7.258E+14 4.581E+14 L 195E+14 3.961E+12 289.9  1020.0 1.540 00000000
1.153461 2010 1.09E-03 3, 779E-01 1.954E-01 1.508E-01 2.547E-02 4.676E+14 2.883E+14 1. 445E+14 2.812E+13 289.9  1019.8 1.560 00000000
. 1.174204 2010 8.34E-04 4.092E-01 2.103E-01 1.638E-01 2.806E-02 6.664E+14 3.954E+14 E+14 4.506E+12 290.0  1019.6 1.622 00000000
H efe| 7305 1.195127 2010 1.21E-03 3.679E-01 1.757E-01 1.606E-01 2.528E-02 6.370E+14 3.944E+14 1.963E+14 3.758E+12 290.1 1019.4 1.796 00000000
1.215961 2010 5.72E-04 6.546E-01 2.336E-01 3,598E-01 4.897E-02 4. 776E+14 2.866E+14 1.528E+14 3.057E+12 290.1 1019.2 2.701 00000000
1.236794 2010 1.07E-03 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.6 -999.9 290.2 1019.0 2.282 00100007 541 and 155
. 1.257627 2010 1.08E-03 4.304E-01 2.1226-01 1.810E-01 2.981E-02 9.156E+14 6.528E+14 2.286E+14 2.994E+13 202 1018. 1.9 00000000 LTS
Zvenl OrOd 8946 1. 2010 1.226-03 3863601 2. 144E-01 1.398E-01 2.573E-02 5,787E+14 3.535E+14 1.826E+14 3.446E+12 2001 1019.0 1.679 00000000 [T S SN
g 1. 2010 2.17E-03 3.173E-01 1. 728E-01 1.178E-01 2. 135602 -999.9 -999.9 -999.9 -699.9 290.0 1018.1 1.781 00000001 Lion profle.
1. 2010 2.73E-03 2,516E-01 1,991E-01 1,235E-01 2,324E-02 -999.9 -999.9 -999.9 -999.9 290.0 1019.1 2,139 00000001
1. 2010 1.79E-03 -939.9 -999.9 -989.9 -999.9 -999.0 -099.9 -699.8 -999.9 291.3 1018.3 3.002 00100007
1. 2010 2.05E-03 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.8 -999.9 291.4 1018.2 2.717_ 00100001
Fu ue 20198 2. 2010 1.50E-03 2.373E-01 1.316E-01 8.586E-02 1.594E-02 6.688E+14 4.888E+14 1.589E+14 1.869E+13 2914 1018.1 1.918 00000000
2. 2010 1.57E-03 2.130E-01 1. F00E-01 1.161E-01 2.157E-02 6.799E+14 4.123E+14 2. 148E+14 4.242B+12 291.5 1017.8 1.375 00000000
2. 2010 1.456-03 3,696E-01 1.5136-01 1.467E-01 2.529E-02 7.194E+14 4.316E+14 2.302E+14 4.604E+13 2916 1017.4 1.985 00000000  [2.1. and 2.02
2. 2010 7.92E-04 -999.9 -999.9 -999.9 -999.9 -999.0 -099.9 -999.6 -999.9 291.7 1017.1 2.711 00100001 ent 1. 2, 2nd 3)
TOTAL 132755 2. 2010 8.64E-D4 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.6 -999.9 291.6 1016.8 2.868 00100007 nended for ACD
2. 2010 7.27E-04 -939.9 -999.9 -999.9 -999.9 -999.0 -999.9 -999.8 -999.9 291.9 1016.4 2.662 00100001 tion profile.
2. 2010 9.55E-04 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.6 -999.9 292.0 1016.1 2.673 00100007
2. 2010 8.15E-04 -939.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.8 -999.9 292.1 1015.8 2.947 00100007
2. 2010 6.85E-04 7.763E-01 3.161E-01 4.049E-01 4.516E-02 8.576E+14 5.696E+14 2.368E+14 4.268E+13 292.2 1015.4 2.929 00000000
2. 2010 1.07E-03 -939.9 -999.9 -999.9 -999.9 -999.0 -099.9 -999.8 -999.9 292.3 1015.1 2.920 00100001
2. 2010 1.61E-03 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 -999.9 292.4 1014.8 2.894 00100007 nd 2.01 (for
2 2010 4.48E-03 -399.9 -9 - 292.5 1014.4 2.875 00 1and2)are
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Verification of MAX-DOAS NO, meas.: KORUS-AQ 2016
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TropoNO2VCD at Fukue & Gwangju: Long-term variation
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Yokosuka
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OMI TropoNO2VCD validation: AOD & vertical profile shape dependence

Aerosol shielding effect? (AK was not considered)
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Renewed OMI DOMINOvV2 TropoNO2VCD validation:

Vertical profile shapes at Yokosuka (TM4 vs. MAX-DOAS)

OMI DOMINOV2, level2 data,
Alat, long< 0.15°, At<1h, cloud fraction(cf) <0.3, Year= 2007-2014

Yokosuka (urban)
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Renewed OMI| DOMINOV2 TropoNO2VCD validation:

with Averaging Kernel considered
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(fraction of NO, in the lowest 1km)

Both dependence on AOD and v, slightly weakened.

OMI/MAX-DOAS ratio got closer to unity, but OMI’s underestimation remained. l




AOD dependence (shielding effect) persisted with cf<0.03:
consistent with theoretical calculations (POMINO)
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OMI-to-MAXDOAS comparison at Yokosuka:

Significant gap remained during wintertime

—O0— OMI TropoNO2VCD

—— MAX-DOAS NO2 VCD(AK)
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Significant gap in winter, associated with low wind speed.
Spatial inhomogeneity to be studied with TROPOMI
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NO2 TropoVCD

OMI observes day-to-day variation (Yokosuka)

¢ OMI TropoVCD recalculated with MAX-DOAS shape
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* MADRAS network continues to derive decadal variations in NO, &
HCHO etc. and ground-truth into TROPOMI (ESA, NIDFORVal) &

GEMS era.
MAX-DOAS retrievals were evaluated during KORUS-AQ.

Aerosol shielding effect: verified with clear sky data (cf<0.03)
after AK applied.

Fusion of MAX-DOAS and satellite obs. to derive surface NO,: its
variations were well captured from OMI satellite (May-Aug) at
Yokosuka, when adequate vertical profile was inputted.
Extrapolation to Kanto area map is ongoing.
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